1 A green synthetic route for eco-safe and solvent-free preparation of biologically active 3,4-dihydropyrimidin-2-(1H)-ones/thiones derivatives via one-pot, three-component Biginelli condensation reaction of β-keto esters (methyl or ethyl acetoacetate), aromatic aldehyde (benzaldehyde derivatives) and urea or thiourea have been developed using a salicylic acid as a bio-based, natural and versatile catalyst. The notable advantages of this green approach are use of the bio-based, natural, easy-to-handle and readily green catalyst, easy work-up process, absence of hazardous organic solvents, solvent-free conditions with high to excellent yields and short reaction times and one-pot reactions. The products have been characterized by melting points and 1 H NMR spectroscopy.
Introduction
Salicylic acid (SA) is a phenolic phytohormone which is found in plants (White willow (Salix alba). This natural source of salicylic acid ( Fig. 1 ) plays role in plant growth and development, photosynthesis, transpiration, ion uptake and transport [1] . SA also induces specific changes in leaf anatomy and chloroplast structure. SA is involved in endogenous signaling, mediating in plant defense against pathogens [2] . It plays a role in the resistance to pathogens by inducing the production of pathogenesis-related proteins [3] . It is involved in the systemic acquired 1 Young Researchers and Elite Club, Shiraz Branch, Islamic Azad University, Shiraz, Iran * Mohamadpour.f.7@gmail.com © Mohamadpour F., 2019 resistance (SAR) in which a pathogenic attack on one part of the plant induces resistance in other parts [4] . Synthesis of heterocyclic compounds has attracted great interests due to their wide applicability in life and nature. The compounds with pyrimidinone ring systems have been known to exhibit a wide range of pharmacological and biological properties. For example these heterocyclic compounds have been used as calcium channel blockers, α-1a-antagonists [5] , mitotic kinesin Eg5 inhibition [6] , anti cancer (Mal3-101) [7] , anti HIV agent [8] , antibacterial and antifungal [9] , antiviral [10] , antioxidative [11] . The representatives such as batzelladines, ptilomycalines and crambescidines exhibit many biological activities such as anticancer, antifungal, anti HIV, etc. [12] . In recent decades, a number of methodologies for preparing these compounds have been reported that is including various catalysts [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] , some of the limitations of these methodologies are low yields, toxic organic solvents and catalyst, harsh reaction conditions and expensive materials. In recent years, the design and development of bioactive heterocyclic compounds synthesis performed through multi-component reactions (MCRs) [24] [25] [26] [27] [28] , involving three or more reactants in one-pot, have attracted considerable interest since such processes have improved atom economy, efficiency and convergence. Among various factors, solvents and catalysts play important roles in green chemistry. Due to, in recent years, one of the important challenges of chemistry researchers is to use green and environmental friendly catalyst that leads to synthesis of target compounds in the absence of hazardous organic solvents. That is why multicomponent domino reactions (MCRs) by using a green catalyst for the synthesis of fine chemicals have attracted our considerable interests.
As part of our ongoing research program on the development of green methodologies [29, 30] attempts were directed to synthesize one of Biginelli-type reactions [31] and herein, we report a bio-based, natural and highly efficient salicylic acid catalyst for green, eco-safe and simple preparation of 3,4-dihydropyrimidin-2-(1H)-ones/thiones derivatives under thermal and solvent-free conditions with excellent yields and short reaction times (Scheme 1).
(X) 2a= O; 2b= S (R) 3a= Et; 3b= Me 
General
Melting points of all compounds were determined using an Electro thermal 9100 apparatus. 1 H NMR spectra were recorded on a Bruker DRX-400 Avance instruments with DMSO-d 6 as solvents. All reagents and solvents were purchased from Merck, Fluka and Acros chemical companies were used without further purification.
General procedure for preparation of 3, 4-dihydropyrimidin-2-(1H)-ones/thiones derivatives (4a-t)
A mixture of aldehyde derivatives (1, 1.0 mmol) and urea/thiourea (2, 1.5 mmol), ethyl/methyl acetoacetate (3, 1.0 mmol) was heated under solvent-free conditions at 343 K for appropriate time in the presence of salicylic acid (15 mol %). After completion of the reaction (by thin layer chromatography TLC) the mixture was cooled to room temperature, cold water was added and the precipitate was separated with filtration followed by recrystallization from ethanol to afford the pure products (4a-t). Spectra data of products are represented below: 
5-Ethoxycarbonyl-6-methyl-4-phenyl-3,4-dihydropyrimidin-2(1H)-one

5-Ethoxycarbonyl-6-methyl-4-phenyl-3,4-dihydropyrimidin-2(1H)-thione
5-Ethoxycarbonyl-6-methyl-4-(4-nitrophenyl)-3,4-dihydropyrimidin-2(1H)-one
5-Ethoxycarbonyl-6-methyl-4-(4-hydroxyphenyl)-3,4-dihydropyrimidin-2(1H)-one
5-Ethoxycarbonyl-6-methyl-4-(4-methoxyphenyl)-3,4-dihydropyrimidin-2(1H)-one
5-Ethoxycarbonyl-6-methyl-4-(2-chlorophenyl)-3,4-dihydropyrimidin-2(1H)-one
Results and Discussion
Due to the reasonable needs of green, versatile and efficient catalyst, we explored salicylic acid as a bio-based and natural catalyst for one-pot and facile synthesis of 3,4-dihydropyrimidin-2-(1H)-ones/tiones derivatives by three-component condensation Biginelli reaction of aryl aldehydes (1, 1.0 mmol), urea/thiourea (2, 1.5 mmol) and ethyl/methyl acetoacetate ( 3, 1.0 mmol). In an initial endeavor benzaldehyde (1.0 mmol), urea (1.5 mmol) and ethyl acetoacetate (1.0 mmol) were selected as the model substrates. To obtain the optimized reaction conditions, we changed temperature and the amount of the catalyst. The results are summarized in Table 1 . Consequently, at the tested temperatures and different amount of the catalyst, the condensation of endeavor benzaldehyde, urea and ethyl acetoacetate was best catalyzed by 15 mol % salicylic acid as the reaction was completed within high yield (Table 1 , entry 4). It is important to note that in the absence of the catalyst no product was observed (Table  1 , entry 1). We also investigated different temperatures for the model reaction (Table 1) . It was observed that the fast reaction occurred on raising the temperature from room temperature to 353 K and the yield of preferred product increased significantly (Table 1) . We were satisfied to find that the reaction proceeded smoothly and almost complete conversion of reactants was observed at 343 K to afford the desired product (4a) in 91 % yields within 10 min (Table 1, entry 4). Further increase in the temperature did not affect the product yield (Table 1 , entry 8). To ascertain the scope of the present reaction, with optimized conditions in hand, three-component reaction of aryl aldehydes (1, 1.0 mmol), urea/thiourea (2, 1.5 mmol) and ethyl/methyl acetoacetate ( 3, 1.0 mmol) was examined and these results were summarized in Table  2 . We were pleased to find that all substrates were converted to the corresponding products in high to excellent yields (82-95 %).
The proposed mechanistic route of 3,4-dihydropyrimidin-2-(1H)-ones/thiones synthesis in the presence of salicylic acid is shown in Scheme 2. In this probable mechanism the salicylic acid catalyses Biginelli condensation via acylimin intermediate (A). The reaction of aldehydes (1) Comparison of catalytic ability of some catalysts reported in the literature for the synthesis of 3,4-dihydropyrimidin-2-(1H)-ones/thiones derivatives are shown in Table 3 . This study reveals that salicylic acid has shown its extraordinary potential to be an alternative bio-based, green, readily, highly efficient, low-cost and economical catalyst for the Biginelli reaction. In addition, the use of solvent-free conditions with high to excellent yields and short reaction times in the reaction with both urea and thiourea are the notable advantages of this present methodology. 
Conclusions
In summary, we have demonstrated that a biobased, natural and efficient catalyst, salicylic acid, can be used for the eco-safe, one-pot and facile Biginelli synthesis biologically active 3,4-dihydropyrimidin-2-(1H)-ones/thiones derivatives via one-pot threecomponent reaction of aldehydes , urea/thiourea and ethyl/methyl acetoacetate under thermal and solvent-free conditions with high to excellent yields and short reaction times. Use of the inexpensive and easy to handle salicylic acid as a bio-based, versatile and natural catalyst, straightforward work-up, absence of hazardous organic solvents, eco-safe and one-pot procedure are the notable advantages of this simple protocol.
